Abstract. The objective of this study was to investigate the antioxidant capability and preventive effect of probiotics on high fat diet induced oxidative damage. Thirty male rats were randomly divided into three groups.The control group consumed a normal standard diet (5% fat, w:w), the high fat diet group received a high fat diet (20% fat, w:w), and probiotics group received a high fat diet supplemented with 2% probiotics. After 6 weeks, antioxidant capability of liver was determined and DNA fragmentation of liver cell was determined using a comet assay. The results showed that high fat diet could induce oxidative stress, shown as significant increases in lipid peroxidation and nitric oxide free radical, significant decrease in activities of superoxide dismutase and glutathione peroxidase, the percentage of DNA fragmentation was markedly increased, compared with control group. These alterations were significantly reversed in probiotics supplemented group and had no significant difference in antioxidant capability, lipid peroxidation and DNA damage compared with control group. Present observation indicated the probiotics had antioxidant property, which could scavenge free radical and enhance antioxidant defense system, and had the positive protective function on oxidative damage.
Introduction
Probiotics are viable cell preparations that have beneficial effects on the nutrition and health of a host and many probiotics for antimicrobial have been fed to humans and animals to test, treat or prevent various diseases, disorders and syndromes [1] . Recently, antioxidant properties of probiotics, such as lactic acid bacteria [2] , yeast [3] , has been paid more attention. However, there are few reports concerning the protective effect of probiotics on the oxidative stress injury of antioxidant system in cells. Oxidative stress in a living organism is a result of an imbalance between reactive oxygen species (ROS) production and scavenging capacity of antioxidants. Excessive ROS produced by by-products of normal metabolism or a result of oxidative stress can damage macromolecules including lipids, proteins, polysaccharides and DNA, and lead to cell injury and detrimental effects in the form of gastrointestinal tract ulcers, decreases of immune functions, cessation of growth and reproduction and death from failure of adaptive mechanisms [4] . The aim of this study is to investigate whether probiotics had protective effects on oxidative damage induced by high fat diet in rats using comet assay.
Materials and Methods
Rats and experimental design. Thirty male Sprague-Dawley rats (300 ± 30 g) were purchased from the Sino-British SIPPR/BK Lab Animal Ltd (Shanghai, China) and were housed in a room with controlled temperature (22-24 °C), ca. 60% relative humidity and 12-hour dark-light cycles (light on from 8:00 to 20:00). After 1 week of adaptation for a standard diet, rats were randomly assigned to one of three groups with 10 rats in each group. The control group received only a standard diet containing 5% fat, 20% crude protein, 5% crude fiber, 8% ash, 1.2% calcium, 0.8 phosphorus, 50% nitrogen-free extract, and 10% moisture. High fat diet group received a diet comprised of the standard diet supplemented with 20% pure sunflower seed oil. The final fat content of this high fat diet was 20%. Probiotics group was fed with the high fat diet in conjunction with 2% probiotics, which is produced by Chuangbo Modern Natural Agricultures Group (Shanghai, China), and is mainly based on Lactobacillus spp, Bacillus spp, beer yeast and photosynthetic bacteria co-culture and the microbial counts normally reach 5.5×10 9 cfu g-1. Rats were allowed free access to their respective diets and tap water ad libitum for 6 weeks.
Samples collection. At the end of the experimental periods, after an overnight fast the rats were anesthetized with ethyl ether and sacrificed. Blood and liver were collected. Serum was obtained from blood samples after centrifugation (500×g for 10 min at 4 ℃) and stored at -20 ℃ until analysis. The single-cell suspension of fresh liver was prepared to perform comet assay.
Determination of antioxidant enzymes activities. Activities of antioxidant enzymes including superoxide dismutase (SOD) and glutathione peroxidase (GSH-Px) in serum were determined. The activity of SOD was measured by xanthine oxidase method, which monitored the inhibition of reduction of nitro blue tetrazolium by the sample. The activity of GSH-Px was detected with 5,5'-dithiobisp-nitrobenzoic acid, and the change of absorbance at 412nm was monitored using a spectrophotometer. The test kits were purchased from Nanjing Jiancheng Institute of Bioengineering (Nanjing, Jiangsu, China) according to the instructions of the manufacturer.
Estimation of free radical and lipid peroxidation. The content of nitric oxide free radical and lipid peroxidation production, malondialdehyde in serum were assayed using the test kits were purchased from Nanjing Jiancheng Institute of Bioengineering (Nanjing, Jiangsu, China) according to the instructions of the manufacturer.
Comet assay. The fresh liver was placed in a 30-mmpetri dish containing 0.14 M NaCl, 1.47 mM KH 2 PO 4 , 2.7 mM KCl, 8.1 mM Na 2 HPO 4 , 0.53 mM EDTA and 10% DMSO, minced with a fine scissors and washed to remove as much blood as possible. The suspension was centrifuged at 600×g 10 min; the pellet was resuspended in 1×PBS (1×10 6 cells/mL). Standard Comet assay was performed utilizing Trevigen kits (Trevigen Inc., Gaithersburg, USA). Cells were visualized under a fluorescence microscope (Olympus Co., Tokyo, Japan) at 200× magnification. At least 50 randomly selected images were analyzed from each sample with the comet assay software project (CASP). DNA damage was evaluated by the percentage of DNA in the tail (% Tail DNA), tail length (µm), tail moment and olive tail moment, which are considered the most informative and reliable measurements and obtained by the software automatically.
Statistical analyses.
All the results were expressed as mean ± standard deviation of 10 rats in each group. Statistical significance of difference in means was analyzed by a one-way analysis of variance. A difference of P<0.05 was considered statistically significant. Analysis was done with SPSS 11.5 (SPSS Inc., Chicago, Illinois, USA)
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Results
Oxidative stress induced by high fat diet. The activities of SOD and GSH-Px and the content of malondialdehyde and nitric oxide in serum were determined to evaluate the antioxidant ability, lipid peroxidation and free radical metabolism in rats, and results were showed in Table 1 . In this study, feeding of the high fat diet for 6 weeks resulted in the development of oxidative stress in experimental rats. Activities of SOD and GSH-Px in serum were significantly lowered in rats fed high fat diet than control rats. Content of malondialdehyde and nitric oxide free radical was significantly increased in rats fed with high fat diet compared with control rats, indicative of aggravating oxidative stress and subsequent lipid peroxidation in high fat diet rats. Antioxidant capability of probiotics. As showed in Table 1 , supplementation with probiotics along with the high fat diet restored the activities of SOD and GSH-Px and decreased the content of malondialdehyde and nitric oxide in the serum of rats to near those of the control rats (P > 0.05), and had significant difference compared with those in rats fed high fat diet (P<0.05), and had no significant differences from the control group (P>0.05).
DNA damage.
To evaluate the protective effect of antioxidants on liver cell DNA integrity, the DNA migration of the liver cell was assessed by the comet assay (Fig. 1) . Fig. 1 . Effects of probiotics on liver cell DNA fragmentation, as assessed by a comet assay. A: control; B: high fat diet; C: high fat diet + 2% probiotics
As showed in Table 2 , high fat diet could provoke more DNA damage for rats, and was shown as significantly increase in tail length, percentage of DNA in tail, tail moment and olive tail moment. Supplementation of probiotics could reduce DNA damage induced by high fat diet to some extent, and tail length, percentage of DNA in tail, tail moment and olive tail moment were significantly decreased. While the percentage of liver cell DNA damage was higher than that in control group (P<0.05). [5, 6] . In this study, high fat diet inducing oxidative stress was formulated on basal diet with a pure sunflower seed oil as fat source. The present study showed that this high fat diet could provoke oxidative stress and induce cell DNA damage ( Table 1) . Activities of SOD and GSH-Px in rats fed high fat diet was significantly decreased, indicating either reduced synthesis or elevated degradation or inactivation of the enzyme. Significant increases of the content of malondialdehyde and nitric oxide free radical in rats fed high fat diet indicated enhanced lipid peroxidation, which could increase cell membrane rigidity, osmotic fragility, decrease cellular deformation, reduced erythrocyte survival and membrane fluidity. Decreasing the oxidative stress could be feasible by increasing the antioxidant level in the body. Cells in the body possess enzymatic and nonenzymatic antioxidant systems, SOD and GSH-Px are major enzymatic antioxidants, Vitamin C, E, and A, beta carotene, polyphenols and minerals (selenium, iron, copper, zinc and magnesium) are main non-enzymatic antioxidants to prevent or at least attenuate damage caused by oxidative stress [7] . Antioxidants can dispose, scavenge, suppress the formation of free radicals, or oppose ROS chain actions in the body, and play an important role in human and animal health. The use of probiotics for enhancing growth performance and increasing disease resistance ability and improving intestinal healthy has been well documented [1, 8, 9] .
In conclusion, this paper indicated that the probiotics had antioxidant property, which could scavenge free radical and enhance antioxidant defense system in the body, and had the positive protective function on oxidative damage.
